The interaction of chiral spin textures with charge carriers will give rise to a rich variety of phenomena, such as the topological Hall effect (THE).
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Non-collinear spin textures in magnetic multilayers induced by spin-orbit coupling (SOC) and symmetry breaking at interfaces are at the forefront of condensed-matter physics research, which provide novel and more energy-efficient driving mechanism through the usage of spin-orbit torques [1] [2] [3] [4] . Owing to the presence of strong SOC, in ferromagnets (FM)/heavy metals (HM) bilayers that lack inversion symmetry, an antisymmetric exchange interaction called Dzyaloshinskii-Moriya interaction (DMI) that favors a chiral arrangement of the magnetization will be generated [2, 3] . It is in the form of   D represents the DMI strength, 1 S and 2 S are the total spin of two nearby atoms [5, 6] . If the DMI is strong enough relative to other interactions, it could lead to topologically protected non-collinear spin textures, such as skyrmions or skyrmion lattices [7] . Skyrmions can be defined by the topological number N, which is a scale of the winding of the normalized local magnetization, m. In the two-dimensional limit, the topological number is  [3, 7] . This non-trivial topological property governs some of the most important properties of skyrmions including topological Hall effect (THE) [8, 9] . When a conduction electron passes through a skyrmion, the spin of the conduction electron will adiabatically follow the texture and acquire a Berry phase in real space, which deflects the conduction electrons perpendicular to the current direction and causes an additional contribution to the observed Hall signals termed as THE, characterized by the appearance of bumps or dips in the Hall measurements. The effective magnetic field can be 
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    in non-collinear magnetic materials [10] . In this case, the scalar spin chirality gives rise to the real space Berry curvature, which could be viewed as local effective field acting on the hopping electrons around the spin-chiral sites. In the continuum limit, when the magnetic moments form a long-period magnetic structure, the total spin chirality is proportional to the number of the skyrmions. The THE signal has proved itself as an indicator that magnetic multilayers acquire the non-collinear spin textures. However, the above Berry phase picture is valid only if the exchange coupling between electrons and local magnetization is 3 strong (adiabatic approximation), and it fails in the weak coupling regime (non-adiabatic approximation) since the electrons fail to adjust their spin to the local magnetization and the spin-flip processes are activated [11] [12] [13] . In such a regime, the electrons will experience an inhomogeneous emergent field as there is randomly distributed non-collinear spin textures, in contrast to electrons in bulk systems which experience a systematically varying uniform emergent field due to the ordered arrangement of non-collinear spin textures such as skyrmion crystals [14] .
It should be emphasized that the appearance of the bump/dip features of Hall signals alone cannot serve as an unambiguous evidence for identifying topologically protected non-collinear spin textures, since it can also arise from the electronic band structures, the anomalous Hall effect (AHE) in heterogeneous FMs, or a sign change of the dominant scattering responsible for AHE [15] [16] [17] . The additional Hall signals can thus arise from different origins and sometimes pretend to be "Topological", especially in magnetic multilayer systems with a disordered array of non-collinear spin textures, where spin scattering can play an important role in the electron transport features. Notably, although the AHE is known to have contributions of both intrinsic (Berry curvature) and extrinsic (scattering) origin, the impurity scattering modified by the SOC and its contribution to the AHE in multilayer systems is dominated by skew scattering [18] [19] [20] .
In this work, we demonstrate a very large THE in Mn x Ga/Pt bilayers, which can be ascribed to the adiabatic processes for the electrons motion in the non-collinear spin textures with fixed chirality. During the extraction of the THE signal from the total Hall resistivity, we have found that the strong skew scattering should contribute a spurious THE in the low temperature limit, with the opposite sign to the chiral spin textures induced. It has been further proved by magnetic force microscopy (MFM), and the additional Hall signals as a function of magnetic field at 3.5 K does not peak near the maximal density of chiral spin textures. In general, the extracted Hall signals with bump/dip features can be separated into two contributions: i) the THE due to chiral spin textures; ii) the AHE due to skew scattering of non-magnetic impurities.  is the residual resistivity induced by impurity scattering [20] .
According to the abrupt interface between Mn x Ga and Pt through the high-resolution transmission electron microscopy image as investigated in our previous work [23] , there is not evident interdiffusion. Either new magnetic states or transport features are expected to be interfacial driven. On the other side, we believe 6 nm Mn x Ga is thick enough to prevent the deterioration of its bulk magnetic properties, only for the interface to be modified by the strong SOC introduced by Pt. Then, we attempt to investigate the AHE in the Mn x Ga/Pt bilayers using the same scaling law. two bilayers is that a strong interfacial SOC is only introduced in Mn 1.55 Ga/Pt bilayers, which will profoundly modify both the magnetic and transport features. In the presence of interfacial DMI induced by strong SOC, the domain wall configuration in Mn 1.55 Ga/Pt bilayers is considered to be Né el type with fixed chirality [25] . On the contrary, in Mn 1.55 Ga/Al bilayers without interfacial DMI, the magnetic bubbles were solely stabilized by strong dipole interactions that give rise to a rich collection of spin textures with non-uniform spin chirality [26] . On the other hand, asymmetric scattering due to the effective SOC of the impurities could also be introduced in Mn 1.55 Ga/Pt bilayers, and it seems to become significant in the low temperature limit according to the temperature dependence of  . We thus speculate two possible The aforementioned AHE in Mn x Ga/Pt bilayers at 300 K has been proved to be dominated by intrinsic mechanism and the contribution from skew scattering induced by non-magnetic impurities is small. On the other hand, a more localized magnetic moment has been formed in Mn x Ga/Pt bilayers, which also proves the larger density of chiral spin textures (see Supplementary Fig. S5 ). In this case, extrinsic AHE due to asymmetric scattering on chiral spin textures with strong SOC may become evident, which resembles the skew scattering by non-magnetic impurities. It has been theoretically proved that, at finite temperature, the non-collinear spin textures will
give rise to an antisymmetric scattering, which is proportional to the thermal average of the scalar spin chirality or skyrmion number [27] . The theory potentially explains the sign change of Hall conductivity observed in B20 chiral magnet MnGe hosting the magnetic skyrmion in the vicinity of the phase boundary [28] . However, in magnetic multilayers, the skew scattering by a disordered array of non-collinear spin textures becomes more complicated, which has theoretically been treated like the electron scattering on a skyrmion in the non-adiabatic approximation [11] [12] [13] . Therefore, the possible scenarios come down to determine whether the non-zero [25] . With the introduction of strong interfacial DMI, we thus predict that the non-collinear spin textures in Mn x Ga/Pt bilayers will be Né el type with a given chirality fixed by 12 D , called Dzyaloshinskii domain walls, which will contribute to the topological Hall signals through a Berry phase mechanism [25] .
Recently, it has been proved that, although the DMI is present, the frustrated isotropic exchange interactions could also play a prominent role in modifying the skyrmion shape and leading to an oscillating skyrmion-skyrmion interaction potential [29, 30] .
The short-range attractive interaction pins the skyrmions next to each other, producing the skyrmion clusters that are resistant against diffusion processes at finite temperature. Therefore, the worm-like and bubble-like domains as shown in Fig. 3(f) are also considered to be similar with the skyrmion clusters, which have a topological number 1 N  . On the contrary, the topological skyrmion numbers of magnetic bubbles in Mn 1.55 Ga/Al bilayers should be arbitrary since the domain walls has no fixed chirality without DMI, which do not contribute to THE. It should be noted that and an effective field can be created by DMI. It has been proved that the spin-flip excitations through SOC in half-filled or high spin 3d overlayer make the largest contribution to DMI [32] . In the case of Mn/Pt interfaces, the filling of five Mn 3d orbitals adopts a stable "high spin state" due to the small crystal field splitting between the t 2g and e g shells and, hence, half-band filling occurs. The spin-up (spin-down) channels are entirely occupied (unoccupied) and all transitions contribute to DMI through the intermediate spin-orbit active 5d states. In other words, the 3d-5d-3d electron hopping is facilitated, resulting in a large DMI [32] . By the way, the perpendicular magnetic anisotropy systems can exhibit Né el-type skrymions in the presence of large DMI [26] . (ii) The microscopic mechanisms underlying the conventional AHE lead to electrons with opposite spins being scattered in the opposite perpendicular directions, which have attributed its origin to the SOC and a 10 finite magnetization M . Such a spin separation results in a perpendicular charge current only if the number of spin-up and spin-down electrons is different. Therefore, the spin accumulation at the interface will be enhanced due to Pt and the AHE will be modified. On the other hand, combined with the strong SOC, the non-magnetic impurities will also contribute to the AHE. (iii) The strong SOC of Pt will also modify the electric band structures of MnGa at the interface, which eventually lead to some anomalous transport features. It is known that, in materials with heavy elements, the band inversion can be induced since the strong SOC can split the p band by a large enough magnitude to flip the s-p band structure, leading to a topological insulator [33] .
The inverted bulk band structure will topologically give rise to metallic surface states, which have a nearly linear energy-momentum relationship. Interestingly, the topological surface states also exist on the surface of Weyl semimetals, in which the bulk bands are gapped by SOC in the momentum space except at Weyl or Dirac nodes.
In the case of Mn x Ga/Pt bilayers, we also supposed the emergence of Weyl metallic features at the interface, which may explain the positive MR in the low temperature limit as shown in Fig. 1 . The chiral anomaly is predicted to occur in Weyl fermions since the conservation of chiral charges is violated in the case of a parallel magnetic and electric field, resulting in a negative longitudinal MR [34, 35] . It suggest that there is a current along the magnetic field arising from the unequal occupation of left and right moving chiral modes, giving a current of jB c EB  , where E and B is the external electric and magnetic field respectively [34, 35] . Then the electric currents measured in a thin film with chiral anomaly inevitably include this additional contribution. In the case of // EB , the total electric current should be largest and the resistance is smallest. Fig. 5(c) Ga layer as shown in our previous work [36] . However, the value in Mn 1.25 Ga/Pt bilayers have been enhanced with increasingwhich is consistent with the assumption that there is an additional electric current in the Mn 1.25 Ga/Pt bilayers and it is largest when // EB . Therefore, these transport features may be related to the Weyl fermions at the Mn x Ga/Pt interfaces. Recent theory and experiments have suggested that the Weyl fermions with broken time-reversal symmetry were also expected to generate strong intrinsic AHE [37, 38] , which may also contribute to the negative max XY   in the low temperature limit. However, the transport properties of bilayer system are more complicated since bulk Pt, bulk Mn x Ga and Mn x Ga/Pt interfaces will all contribute to the transport features (see Supplementary Fig. S9 ).
Other mechanisms including orbital magnetoresistance are hard to be distinguished [39] . It is beyond the discussion of this work and would be interesting to verify the possibility of Weyl fermions in future studies.
To summarize the discussion in this work, the THE due to the Berry curvature of chiral spin textures has been distinguished from the AHE due to skew scattering of non-magnetic impurities. It further demonstrates that an extraordinary range of unanticipated phenomena is expected to emerge from the interfaces, exciting new scientific results and functionality for future research. This refers to the opportunities associated with exploiting interfaces to modify, control, enhance, or even create and annihilate magnetic and transport functions. 
